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(54) Conductive cooling of a heat-generating electronic component 


(57) Conductive cooling of a heat-generating elec- 
tronic component (12) disposable in spaced-apart adja- 
cency with a surlace (22) of a thermal dissipation 
member (14) to define a gap (24) of predetermined 
width (26) therebetween is provided by placing therebe- 
tween a curedWe composition formed of an electrically- 
insulating polymeric binder having thermally-conduc- 
tive, electrically-insulating filler particles (36a-h) dis- 
persed therein. At least a portion (36a-b) of the filler 
particles (36a-h) is of a maximum average diameter 
(38) about equal to the predetermined width (26) of the 
gap 924). A layer of the composition is dispo^dDle in 


conductive heat transfer contact with the electronic 
component (12) and the surface (22) of the thermal dis- 
sipation member (14). and is cured to form an interlayer 
(30) within the gap (24). At least a portion (36a-b) of the 
filler particles (36a-h) of the specified maximum aver- 
age diameter (38) each substantially directly contact the 
electronic component (12) and the surface (22) of the 
thermal dissipation member (14) to establish thermally- 
conductive pathways effective to transfer heat from the 
electronic component (12) to the heat dissipation mem- 
ber (14). 
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Description 

The present invention relates to^nductive cooling of heat-generating electronic components^ 
Circuit designs for modern electronic devices such as televisions, radios, computers, medical instruments, busi- 
5 ness machines, communications equipment, and the like have become increasingly complex. For exanple.:integrated- - 

^^ir««t.u4c<.Kta»/A.KAAn.maniifa/<fijr/^-fr\r-^ fhA anijn/alant Off hijnriraHc fHniicanHc of 

transistors. Although the complexity of the designs has increased, the size of the devices has continued to shrink with 
improvements in the ability to manufacture smaller electronic components arxl to pack more of these components in an 
ever smaller area. 

10 As electronic conrponents have become smaller and more densely packed on integrated kxsards and chips, design- 
ers and manufacturers now are faced with the challenge of how to dissipate the heat which is ohmicly or oth&wise gen- 
erated by these components. Irxleed. it is well known that many electronic components, and especially semiconductor 
components such as transistors, are more prone to Allure or malfunction at high temperatures. Thus, the ability to dis- 
sipate heat often is a limiting factor on the performance of the component 

15 Electronic components, such as integrated circuits, of electronic devices traditionally have been cooled via forced 
or convective circulation of air within a housing of the device. In this regard, cooling fins have been provkJed as an inte- 
gral part of the component~pacKage or'separately aittached thereto to increase the surface area of the pcud^age exposed 
to convectively-developed air currents. Electric fans additionally have been employed to increase the volume of air 
which is circulated v«thin the housing. For high power circuits and the smaller but more densely packed circuits typical 

20 of cun^ertt electronic designs, however, simple air circulation often has been found to be insufficient adequately to cool 
the circuit components. 

As is described in patent specifications US-A-4.965,699 and US-A-4.266,267. heat dissipation beyond that which 
is attainable by simple air circulation may be effected by the direct mounting of the electronic component to a "cold 
plate" or other heat sink. The heat sink may be a dedicated, thermally-conductive metal plate, or simply the chassis of 

25 the device. However, inasmuch as the chassis of the device generally is provided to be at ground potential, it is neces- 
sary electrk^ally to insulate the electricaUxmponent from the chassis or other substrate to prevent shorting. In th^ _ 
regard. eleaficaily=insulating~mermally-c6ri(^ the electrical 

ODrrpbnerrt and the heat si^^^ These interface materials may be compounded as containing one or rnore thermally-con- ; 
ductive particulate fillers dispersed within a polymeric binder, and may be provkled in the form of cured sheets, tapes, 

30 . pads, or films, or as adhesives or greases such as silicone grease. Typically binder materials include silicones, ure- 
thanes, thermoplastic rubbers, and other elastomers, with typical fillers including aluminum oMb, magnesium oxide, 
ziric oxide, boron nitride, and aluminum nitrkJe. 

Exenplary of the aforesaid interface materials is a^baon-nitrkJe f illed silicone is marketed under 

the name CHO-THERM® by the Chomerics Division of Parker-Hannifin Corp^. Wobum. MA. Additionally, patent spee- 
ds if k^ation US-A-4,869,954 discloses a cured, form stat)le. sheet-like, thermally-conductive material for transferring ther- 
mal energy. The rnaterial is Jbrmed of a urethane bjr^ or more thermally conductive filers. 
The filers, which may include aluminum oxkJe. aluminum nitride, bo-on nitrkJe. magnesium oxkje, or zinc oxide, preffer- - 
ably are provided in a particle sizes ranging from about 1-50 miaons (0.05-2 mils). 

Patent specrficalion US-A-4, 764.845 discloses a thermally-cooled electronic assembly which includes a housing 

40 containing electronic corrponents. A heat sink material fills the housing in direct contact with the electronic conrponents 
for conducting heat therefrom. The heat sink material comprises a paste-like mixture of particulate microcrystalline 
rr,ateria! such as diamorxS. boron nitride, or sapphire, and a filler materia! su^ as a f!uQrQC-a.rtx3n or paraffin. The parti- 
cle size distribution and packing of the heat sink material into the housing is such as to provide a mean particle to par- 
ticle distance of 0.004 mils (0.1 microns). 

4$ Patent specifk^tion US-A-4.782,893 discloses a tfiermally-conductive. electrically-insulative pad for placement 
between an electronic component and its support frame. The pad is formed of a high dielectric strength material in 
which id dispersed diamond powder. In this regard, the diamond powder and a liqukl phase of the high dielectric 
strength material may be mixed and then formed into a film and cured. In one embodiment, the diamond is rxovkled as 
having a particle size which is the same or slightiy greater than the thickness of the film. After the ifilm is formed, a thin 

50 layer thereof is removed by chemical etching or tiie like to expose the tips of the diamond particles. A thin boundary 
layer of copper or other metal tiien is bonded to the top and bottom surfaces of the film such that the exposed diamond 
tips extend into the surfaces to provide pure dianK>nd heat transfer paths across the film. The pad may be joined to the 
electronic corrponent and the frame with solder or an adhesive. 

Patent specification US-A-4.965.699 discloses a printed circuit device which includes a memory chip mounted on 

55 a printed circuit card. The card is separated from an associated cokJ plate by a layer of uncured silicone elastomer 
which is applied to the surface of tiie cold plate. 

Patent specification US-A-4,974.1 1 9 diseases a heat sink assembly which includes an elecfronic component sup- 
ported on a printed circuit board in a spaced-apart relationship from a heat dispersive member. A thermally-conductive, 
elastomeric layer is interposed between the board and the electronic component. The eiastomeric menrtser may be 
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formed of silicone and preferably irKludes a filler such as aluminum oxide or boron nitride. 

Patent specification US-A-4.979.074 discloses a printed circuit board device which includes a circuit board which 
is separated from a thermally-conductive plate by a pre-nrwukJed sheet of silicone rubber. The sheet may be loaded with 
a filler such as alumina or boron nitride. 

5 Patent specification US-A-5. 137,959 discloses a thermally-conductive, electrically insulating interfece material 

comorisino a thenmoDlastic or cross linked elastomer filled with hexagonal boron nitride or alumina having an average 
particle size diameter of from Bboui 2-50 microns (0.08-2mils). The material may be formed as a mixture of elastomer 
and filler, which then may be cast or moulded into a sheet or other form. 

Patent specification US-A-5, 194,480 discloses another thermaPy-conductive. electrically-insulating filled elas- 

10 tomer. A prefen-ed filler is hexagonal boron nitride having a particle size of from about 5-200 microns (2-8 mils). The 
filled elastomer may be formed into blocd«, sheets, or films using conventional methods. 

Patent specifications US-A-5,21 3.868 and US-A-5.298,79l disclose a thermally-conductive interface material 
formed of a polymeric binder and one or more thermally-conductive fillers, the fillers may be particulate solids, such as 
aluminum oxide, aluminum nitride, boron nitride, magnesium oxide, or zinc oxide, having a particle size of about 1-50 

15 microns (0.05-2 mils). The material may be formed by casting or moulding, and preferably is provided as a laminated 
acrylic pressure sensitive adhesive (PSA) tape. At least one surface of the tape is provided as having channels or 
through-holes formed therein for the removal of air from between that surface and the surface of a substrate such as a 
heat sink or an electronic component. 

Patent specification US-A-5.321 .582 discloses an electronic component heat sink assembly which includes a ther- 

20 mally-conductive laminate formed of polyamide which underlays a layer of a boron nitrkJe-filled silicone. The laminate 
is interposed between the electronic conponent and the housing of the assembly. 

As the above-described composition shave garnered acceptance for use as interface materials In conductively- 
cooled electronic component assemblies, it will be appreciated that further improvements in these materials and in the 
methods of fabricating assemblies of the same would be well-received by the electronics industry. Especially desired 

25 would be a composition which could be easily and economically applied in a fluent state directly to a circuit board, heat 
sink, circuit board, or the like, and then cured-in-place to provide a thermally-conductive, electrically-insulating interface 
material exhibiting optimum heat transfer properties. 

According to one aspect of the invention tiiere is provided a method of conductively cooling a heat-generating elec- 
tronic component disposatDte in spaced-apart adjacency with a surface of a thermal dissipation member to define a gap 

30 of predetermined width ttierebetween. said method comprising the steps of: 

(a) provkling a curable composition comprising an electrically-insulating polymeric binder having thermally-conduc- 
tive, electrically-insulating filler particles dispersed therein, at least a portion of saki particles being of a maxinnim 
average diameter sbovX equal to the predetermined width of tiie gap. 
35 (b) provkling a layer of said composition disposable in conductive heat transfer contact with the electi-onic compo- 
nent and the surface of tiie thermal dissipation member, and 

(c) curing sakJ layer of said composition to form an interlayer within tiie gap, at least a portion of sakd filler particles 
of said maximum average diameter each substantially directly contacting the electrortic component and the surface 
of the thermal dissipation member to estat)lish thermally-corKluctive pathways effective to transfer heat from the 
40 electronic component to the heat dissipation member. 

According to another aspect of the invention there is provided a conductively-coded electrical assembly compris- 
ing: 

45 a thermal dissipation member having an outer surface; 

a heat-generating electronic component disposed in spaced-apart adjacency with saki surface of sad tiienmal dis- 
sipation member to define a gap of predetermined wkith tiierebetween; and 

a cured-in-place interlayer disposed within saki gap in conductive heat transfer contact with sakI electironic conpo- 
nent and the surface of said thermal dissipation member, said interlayer comprising an electrically-insulating poly- 
50 meric binder with thermally-conductive, electrically-insulating filler particles dispersed therein, at least a portion of 
saki particles being of a maximum average diameter about equal to the predetermined width of ttie gap and sub- 
stantially directly contacting said electronic component and tiie surface of said thermal dissipation member to 
Pi Gstatjiish heat transfer pathways from sakJ electronic component to said thermal dissipation member. 

55 ■ ' Since the fillers particles are selected such tiiat at least a portion ttiereof are of a maximum average diameter which 
^ is about equal to tiie width of tiie gap, substantially direct contact is facilitated between tiie electronic component arid 
{he tiiermal dissipation member tiiereby to establish thermally-conductive patiiways for improved transfer heat from the 
I pomponent to tine heat dissipation member. / 
-\ The curable composition may be applied in a fluent state to a surface of the electrical component or thermal dissi- 
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pation member, and then cured-in-place on that surlace or interposed between the component and the dissipation 
member to form a thermally-conductive, electrically-insulating interlayer exhibiting improved heat transfer properties. 
The invention is diagrammatically illustrated by way of example in the accompanying drawings, in which:- 

5 Figure 1 is a fragmentary, cross-sectional view of an electrical assembly wherein an electronic component thereof 
^art ka copd'jctively cool9d in accc^^"*^-*^ with the present invention via the orovision of an interlayer of a thermally- 
conductive, eiectrically-insulating curable composition between the component and an associated circuit board; 
Figure 2 is a cross-sectional view of a portion of the electrical assembly of Rgure 1 which is enlarged to detail the 
internal morphology of the interlayer composition of the present invention; and 

10 Rgure 3 is a fragmentary, cross-sectional view of an alternative embodiment of a conductlvely-cooled electrically 
assembly in accordance with the present invention wherein the thermally-conductive, electrically-insulating inter- 
layer of Figure 1 is interposed between the electrical component and an associated heat sink. 

Referring to the drawings wherein corresponding reference characters indicate corresponding elements throughout 

15 the figures, shown generally at 10 in figure 1 is an electrical assembly which includes a heat-generating, digital or ana- 
log electronic component. 12. disposed on an associated thermal dissipation member. 14. the thermal dissipation mem- 
ber 14 has a heat capacity relative to that of the component 12 to be effective in dissipating thermal energy transferred 
from the component 12. For the purposes of the present illustration, the thermal dissipation member 14 is shown as a 
printed circuit board or other substrate. 16. which supports the component 12 and separates it from other electronic 

20 components (not shown). The electrical component 1 2 may be an integrated microchip, transistor, or other semiconduc- 
tor, or an ohmic or other heat-generating subassembly such as a diode, relay, resistor, transformer, amplifier, diac, or 
capacitor For the electrical connection of the component 12 to the board 16. a pair of leads or pins, 18a and 18b. are 
provided as extending rom either end of the component 12 into a soldered or other connection with the board 16. The 
leads 18 additionally support the component 12 atx)ve the board 16 such that an external heat transfer surface. 20. of 

25 the component 1 2 is spaced-apart from an opposing surface. 22, of the board 1 6. A gap. represerrted at 24 as being of 
a predetermined width. 26. is thereby defined between the component 12 and the board 16. For most circuit board 
applications, the gap width 26 typically will be about 3 mils (75 microns). 

A thermally-conductive, electrically-insulating interlayer. 30. iscBsposed within the gap 24 in conductive heat trans- 
fer contact with the surface 20 of the component 12 and the opposing surfece 22 of the board 16. The interlayer 30 at 

30 least partially fills the gap 24 to provide a conductive path therethrough for the transfer of thermal energy from the com- 
ponent 12 to the board 16. Such path may be employed without or in conjunction with convective air circulation to effect 
the cooling of the component 12 and ensuring that the operating temperature thereof is maintained below specified lim- 
its. 

Referring next to Figure 2. the internal morphology of the interlayer 30 is revealed generally at 32. In general com- 

35 position, the interlayer 12 is formed of continuous phase of an electricaily-insulating, cured polymeric binder or matrix. 
34. within which is dispersed a plurality of thermally-conductive, electrically-insulating filler particles 36a-h. The filler 
particles 36 may be of a substantially uniform size or, as is shown, as having a distribution which includes a range of 
particles sizes. In whatever form provided, however, at least a portion of the filler particles 36, represented by filler par- 
ticles 36a-b, is provided to be of a maximum average diameter or diametric extent, shown at 38. which is about equal 

40 to the predetermined width 26 of the gap 24. Where the particles 36 are provided as of a uniformly graded size, sub- 
stantially all of the particles will be of tiie specified maximum average diameter. Alternatively, where the particles 36 are 
provided as having a size disti^ibution, a portion of the particles representing the maximum average diameter of the pop- 
ulation will be of the specified maximum average diameter. 

As is represented again by tiie filler particles 36a-b. at least a portion of those filler particles 36 having tfie specified 

45 dimension each are made Independentiy within the interlayer 30 substantially directly to contact the surface 20 of the 
component 12 and the opposing surface 22 of the board 16. That is. with reference to partide 36a. a first end. 40a. of 
the partide contacts the surface 20 of the component 12. witii a corresponding secorxl end, 40b. of the particle contact- 
ing the surface 22 of tiie board 16. In this way. tiiermaily-conductive pathways are established directly tiirough the par- 
ticles 36a-b to transfer heat from ttie component 12 to ttie board 16. As the filler particles 36 may be characterized as 

so exhibiting tiiermal conductivities which are higher than those associated with the continuous polymeric binder phase 
34. it will be appreciated ttiat the interlayer 30 exhibits heat transfer and other thermal properties which are improved 
as compared to the interface materials heretofore representative of the state of the art. For example, higher bulk tiier- 
mal conductivities may be realized at lower filler badings. 

The polymeric binder 34 may be a thermosetting or thermoplastic material, and may be selected from a variety of 

55 commercially-available resins and elastomers such a^^pplyuretiianes. polyinhides. nylons, polyamides. polyesters.^ 
epoxiips. polyolefins, pb^yetheremerketoi^^ s^^^^^ ftuorosilicbnes. thermcfblastic ela^omers. acrylics, and copoly^^ 
^rrSrl and blends thereof. HoweVer. owing to their excellent thermal and electi-ical properties, silicone resins and elas- 
tomers, which may be one- or two-part systems that are room temperature vulcanizing (RTV) in the presence of a 
curing agent or catalyst, or that are photoinitiated or moisture cured, are to be considered preferred. 
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Thermally-conductive, electrically-insulating particulate solids suitable for use as the filler particles 36 include 
boron nitride, aluminum oxide, aluminum nitride, magnesium oxide, zinc oxide, silicon carbide, beryllium oxide, and mix- 
tures thereof. As aforementioned, the filler particles 36 are provided as having a average particle size or maximum aver- 
age size distribution selected relative to the width 26 of the gap 24 to be substantially equal thereto. For example, with 

5 the vwdth 26 being given as about 3 mils {75 microns), the corresponding average particle or maximum average size 
distribution of the filler 36 will be about 3 mils (75 microns). Likewise, with the width 26 being given as about 5 mils (125 
microns), the corresponaing average partiae or maximum average size disiribuiion of the fiiier 36 wiii be obuui 5 iniis 
(125). In contrast, most of the interface materials hereto Known in the art. tacking controlled particle size distribution, 
have typical particle size distrtoutions which range from about 1-1 .5 mils (25-40 microns). Although there is no theoret- 
ic ical upper limit for either the wkjth 25 of the gap 24. or the particle size or diametric extent 38 of the filler 36. a practical 
upper limit of alxjut 8-10 mils (200-250 microns) may be realized depending upon the size availability of the selected 
filler, and on the limitations of the processing equipment available for compounding and delivery of the material. 

The filler 36 is to be included within the polymeric binder 34 in a proportion sufficient to provide the thermal con- 
ductivity desired for the intended application. In this regard, inasmuch as there are established direct heat transfer paths 

IS through individuaLflLer^particles. the bulk thermal oofxiuctivityjjf thejriterlayer 30 is generally proportional to the filler 
density. Forjypi^l applications, the interlayergO may be provided as including about 50-55% by weightrcorresponding 

toabout 30% by volume, of the filler-Se:^^^ — " — - — ^ ' '7 

/ Additional fillers and additives may be included in the interlayer 30 to the extent that the thermal conductivity and 
other physical properties thereof are not overly compromised. For example, a solvent or other diluent may be emplc^ed 

20 ^during Se compounding of the binder 34 in order to lower the viscosity thereof and improve the mixing and applica- 
tion/delivery of the material. Pigments, flame retardants, and antioxkjants also may be added depending upon the par- 
ticular application envisioned. 

Turning next to Rgure 3, an alternative arrangement of the conductively-cooled electrical assembly 10 is shown 
generally at 40 The assembly 40 again includes the heat-generating electronic component 12 which is supported on 

25 the printed circuit board 16 via the leads 18a and '18b. In the embodiment 40. however, the component 12 is interposed 
between the board 16 and a separate thermal dissipation member which is shown at 14* to be a separate heat sink dis- 
sipation member. The dissipation member 14* is supported over the component 12. and is shown for purposes of illus- 
tration to be configured as a thermafly-conductive plate 42, which may be formed of a metal such as aluminum or other 
material having a relatively high heat capacity and other thermal dissipation properties. 

30 As before, the component 1 2 is supported above the board 16 such that an external heat transfer suiface, 20'. of 
the component 12 is spaced-apart from an opposing surface, 22\ of the plate 42. A gap, represented at 24' as being of 
a predetermined width. 26\ is thereby defined between the component 12 and the plate 42. The thermally-conductive, 
electrically-insulating interlayer 30 is disposed within the gap 24' in conductive heat transfer contact with the surface 20' 
of the component 1 2 and the opposing surface 22' of the plate 42. Again, the interfayer 30 at least partially fills the gap 

35 24* to provide a conductive path therethrough for the transfer of thermal energy from the component 12 to the plate 42. 
The gap 24 between the surface 20 of the component 1 2 and the surface 22 of the board 1 6 may be left unfilled further 
to assist the conductive cooling of the component 12. Alternatively, tiie gap 24 may be filled, as was described in con- 
nection witti Rgure 1 . with a second interfayer 30 (not shown) to provkle a second conductive heat transfer path from 
the component 12. 

40 The interlayer 30 may be incorporated with the assemblies 1 0 or 40 as being formed from a layer of a curable com- 
position which is applied in a fluem state to the surface 22 of tiie board 16 (Figure 1) prior to the mounting of the com- 
ponent 12 thereon, or to the surface 20' of the component 12 (Figure 3) prior to the disposition of the component 12 in 
a spaced-apart adjacency from the heat sink plate 42. In botii of tiie described variations, the applied layer of tiie cur- 
atiie composition may be cured eitiier prior to assemlDly or. after assembly, In situ within the gap 24 (Figure 1) or 24' 

45 (Figure 3). By "cured." it is meant ttiat the binder of the composition Is polymerized, cross-linked, further cross-linked or 
polymerized, vulcanized, cooled, hardened, or otiienwse chemically or physically changed from a liquki or other fluent 
into a solid resin, elastomeric. or other polymeric phase. 

Alternatively, ttie interlayer 30 may be provided as being formed from a layer of a curable composition which is 
injected or extruded In a fluent state into ttie gap 24 of the assenrdDly 10 (Figure 1). or tiie gap 24' of tiie assembly 10 

so (Figure 3), wherein which it is cured in situ. In all of the above-described variations, it will be appreciated that the Inter- 
layer 30 is cured-in-place on either a surface of the component 12 or tiie thermal dissipation member 14 or 14', or in 
situ between tiie component 12 and the thermal dissipation member 14 or 14Mn tills regard, ttie necessity to pre-fbrm 
the interface material as a sheet or pad. and then to apply the material to tiie component or dissipation member as sep- 
arate steps Is obviated. Moreover, waste generation is reduced witti ttie present f lashless process as compared to die 

55 cut or moukJing processes. Such a cure-in-place process additionally is less labour intensive as being amenable to a 
more automated operation. 

In a preferred embodiment, the thermally-conductive interlayer Is provided as formed-in-place from a curable com- 
position which comprises a binder of an RTV silicone elastomer loaded witii about 50-55wl% of graphitic boron nitrkle 
(BN) filler particles. The BN filler is selected as having a fliermal conductivity of about 25-50 W/m-*K, and is milled or 
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otherwise processed to have a maximum particte size distrttxition of at least atXMit 3 mils (75 microns) and, desirably, 
at least about 5 mils (125 microns). Suitable RTV silicones are marketed commercially by Dew Coming Corp (Midland, 
Ml). General Electric Co (Silicone Products Div„ Pittsfield, MA), and Shinetsu Corp. (Torrance. CA). Preferably, the sil- 
icone binder is provided as a two-part formulation of two reactive components and a platinum catalyst. 

5 Suitable BN fillers are marketed commercially by Advanced Ceramic Corp. (Cleveland. OH). The filler is available 
as a mixture which contains a particle size distribution of 14-15 mils (355-380 microns) maximum. 8-9 mils average 
(20C 22C microns), ar.d G-4 rriils (73-1CC miwuns) fines, tach of the reactive components is pre-mixed with the BN fill- 
ers particles using a planetary mixer or the like. The components then are separately passed through a 3-roll mill or the 
like to reduce the particle size of the filter to about a 4-5 mil (100-125 microns) maximum. In this regard, the rolls of the 

10 mill are set to have a gap of about 5 mils (125 microns) therebetween to achieve the characteristic controlled particle 
size. This is to be contrasted with a conventional milling process which would reduce the size of the filler down to ele- 
mentary particles of about a 1-1 .5 mil (25-40 miaons) maximum. 

After compounding, the components may be stored for later reactive processing using a hand-hekl caulking gun, 
which may be of a cartridge, fed. static-mixer variety, or. alternatively, using automated injection equipment such as a 

15 rdboXic applicator. Immediately prior to application, the components are admixed and then delivered as a reactive mix- 
ture to a surface of the electrical assembly wherein the mixture is cured-in-place to form the thermally-conductive inter- 
layer. To reduce the cyde time, the curing may be effected at an elevated temperature to accelerate the vulcanization 
reaction. The components alternativeiy may be pre-mixed and then frozen for storage. To fedlitate mixing and applica- 
tion, it is preferred that the admixture is formulated to have a viscosity of about 300,000 cp. It has been empirically 

20 observed that the relatively larger filler partide size of the composition achieves fluent viscosities at higher filler loading 
proportions, e.g., 50-55wt%, as compared to the compositions heretofore known in the art which are characteristically 
loaded at 35-40wt%. Moreover, as the graphitic BN filler of the preferred embodiment may be considered a lubricant 
relative to the abrasive oxide fillers common in conventional formulatfons, improved tool life is realized for the mixing, 
metering, and delivery equipment which may be employed. 

2S As an alternative to the above-described 2-part RTV system, a one-part system may be provided as comprising, 
for example, a hydrolyzable polyfunctional silane or siloxane which is activated by atmospheric moisture. In whatever 
form the siiicone-based system is provided, due to the affinity of the silicone polymer for most surfaces, excellent adhe- 
sion of the cured material to substrates may be realized without the use of primers or the Gke. if desired, however, a 
primer such as a functionalized silane. silicate ester, cyanurate, or the like may be used. 

30 The Exanple to foltow, wherein all percentages and proportions are by weight unless othenivise expressly indi- 
cated, is illustrative of the practising of the invention herein involved, but shouU not be construed in any limiting sense, 

EXAMPLE 

35 A two-part. RTV silicone-based curable composition for forming the thermally-conductive, electrically-insulative 
interiayer was compounded as is set forth in Table 1 : 

TABLE 1 

^ Preparation of 2-Part RTV Formulation 


Part A: 

200 parts silicone resin (GE 61 5A, QE Silicone Products Div) 
^ 225 parts boron nitride partides (HCM-grade. Advanced Ceramics) 

Part B: 

200 parts silicone resin (GE 61 5B. GE Silicone Products Div) 

so 225 parts fcxxon nitride partides (HCM-grade. Advanced Ceramics) 

1 0 parts blue pigment (D 4900 grade. Hanmck Chemical) 

particle size distribution of 14-15 mils (355-380 microns) maximum, 8- 
9 mils average (200-230 microns), and 3-4 mils (75-100 microns) fines 

55 

Each of Parts A and B was prepared in a Ross double planetary mixer (Charles Ross & Sons) by premixing the BN 
filler into the silicone resin until homogeneous. The pre-mixed components were then separately passed through a 
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' Ross three roll mill (Charles Ross & Sons). The rolls of the mill were set as having a gap spacing of about 5 mils in order 
to effect the reduction of the filler to about a 4-5 mil (100-125 mil) maximum. 

Formulated as described, the Part A and B components then were loaded into a syringe-or caulking-type gun 
(Charles Ross & Sons) having a static mixing nozzle and a dual piston displacement set for a mix ratio of 10:1 by vol- 
5 ume of A:B, i.e., 38 cc Part A to 3.8 cc Part B. A quantity of the mixed material was delivered from the gun and cured 
at room temperature for 48 hours. The following physical properties are representative of the cured composition, and 
confirm the suitability thereof for the intended application: 


TABLE 2 


Representative Physical Properties 

Volume Resistivity 

lO^^Q-cm 

Dielectric Strength 

500 VAC/mil 

Hardness 

70 Shore A 

Thermal Conductivity 

1.2W/m-^K 

Specific Gravity 

1.50 


Claims 

25 1. A method of conductively cooling a heat-geherating electronic component (12) disposable in spaced-apart adja- 
cency with a surface (22.22*) of a thermal dissipation member (14.141 to define a gap (24.24*) of predetermined 
width (26.26*) therebetween, said method comprising the steps of: 

(a) providing a curable conrposition conprising an electrically-insulating polymeric binder having thermally- 
30 conductive, electrically-insulating f aier particles (36a-h) dispersed therein, at least a portion (36a-b) of said par- 
ticles (36a-h) being of a maximum average diameter (38) about equal to the predetermined width of the gap 
(24.240. 

(b) providing a layer of said composition disposable in conductive heat transfer contact with the electronic com- 
ponent (12) and the surface (22.22*) of the thermal dissipation member (14.14*). and 

35 (c) curing said layer of said composition to form an interlayer (30) within the gap (24.24*), at least a portion of 

said filler particles (36a-b) of said maximum average diameter (38) each substantially directly contacting the 
electronic component (1 2) and the surface (22.22*) of the thermal dissipation member (1 4. 1 4') to establish ther- 
mally-conductive pathways effective to transfer heat from the electronic component (1 2) to the heat dissipation 
member (14.14*). 

40 

2. A method according to daim 1 . wherein the thermal dissipation mentoer Is a heat sink (1 4*) or a circuit board (1 4). 

3. A method according to claim 1 , wherein said layer of said composition is provided in step (b) as applied on the sur- 
face of the thermal dissipation member (14.14*). and wherein said method further comprises an additional step 

45 after step (b) of disposing said electronic component (12) on said layer. 

4. A method according to claim 1 . wherein said layer of said composition is provided in step (b) as applied to an outer 
surface of said electronic component (1 2). and wherein said method further comprises an additional step after step 
(b) of disposing said thermal dissipation mernber (14*) on said layer. 

so 

5. A method according to claim 1 . further comprising an additional step prior to step (b) of disposing the electronic 
component (12) in said spaced-apart adjacency with the surface of the thermal dissipation member (14.14*). and 
wherein said layer is provided in step (b) as interposed between said electronic component (12) and the surface of 
the thermal dissipation member (1 4.1 4*). 

6. A method according to daim 1 . wherein said curable composition is provided in step (a) as comprising a first and 
a second reactive component each containing a portion of said filler partides (36a-h). said method further compris- 
ing an additional step prior to step (b) of admixing said first and said second reactive component. 
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7. A method according to claim 6. wherein said first reactive component comprises a silanol-terminated polymer and 
said second reactive component comprises a cross-linking agent, said reactive corrponents combining when 
admixed to form a room-temperature vulcanizing (RTV) silicone elastomer forming said polymeric binder of said 
composition. 

5 

8- A method according to claim 6. further comprising an additional step prior to step (b) of riisnnang the electronic 
component (12) in said spaced-apart adjacency with the surface of the thermal dissipation memt)er (14.14'). and 
wherein said layer is provided in step (b) by injecting the admixed first and second reactive components between 
the electronic component (12) and the surfoce of the thermal dissipation member (14.14'). 

10 

9. A method according to claim 1 . wherein said filler particles (36a-h) of said curable composition are selected from 
the group consisting of particles of boron nitride, aluminum oxide, aluminum nitride, magnesium oxide, zinc oxide, 
silicon carbide, beryllium oxide, and mixtures thereof. 

15 10. A method according to claim 1 , wherein said filler particles (36a-h) comprise graphitic boron nitride. 

11. A method according to claim 1, wherein said polymeric binder of said curable composition is selected from the 
group consisting of polyurethanes. polyimides, nylons, polyamides, polyesters, polyolefins. epoxies. poly- 
etheretherketones, silicone elastomers, fluorosilicone elastomers, thermoplastic elastomers, acrylic resins, and 

20 copolymers and blends thereof. 

12. A method according to claim 1 . wherein said polymeric binder of said curable composition comprises a room tem- 
perature vulcanizing (RTV) silicone elastomer. 

25 13. A method according to claim 1 . wherein said <!;urable composition is provided as comprising about 50 to 55% by 
weight of said filler particles (36a-h). 

14. A method according to daim 1. wherein tiie width of the gap (24.24*) between ttie electronic component and tiie 
surface of tiie tiiermal dissipation member (14.14*) is at least about 3 mils (75 microns). 

30 

1 & A method according to claim 1 . wherein tiie average diameter of the portion (36a-b) of said particles (36a-h) of said 
curable composition provided as having a maximum average diameter (38) substantially equal to the predeter- 
mined wKlth of the gap (24.24*) is at least about 5 mils (125 microns). 

35 16. A conductively-cooled electrical assembly (10) comprising: 

a thermal dissipation member (14, 14') having an outer surface (22,22')] 

a heat-generating electronic component (12) disposed iri spaced-apart adjacency with said surface (22.22') of 
said thermal dissipation member (14.14') to define a gap (24.24') of predetermined width (26.26*) therebe- 
40 tween; and 

a cured-in-place interlayer (30) disposed witiiin said gap (24,24*) in conductive heat transfer contact with said 
electronic component (12) and the surface (22,22") of said tiiermal dissipation member (14, 14*), said interlayer 
(30) corrprising an electrically-insulating polymeric binder with thermally-conductive, electrically-insulating 
filler particles (30a-h) dispersed therein, at least a portion (30a-b) of said particles being of a maximum aver- 
45 age diameter (38) about equal to the predetermined widtti (26,26') of the gap (24.24*) and substantially directiy 

contacting said electronic component (12) and the surfoce (22.22) of said thermal dissipation member (14.14*) 
to establish heat transfer pathways from said electronic component (12) to said thermal dissipation member 
(14.14*). 

SO 1 7. An electrical assembly according to claim 1 6, wherein said thermal dissipation member is a heat sink (1 4') or a cir- 
cuit board (14). 

18. An electrical assembly according to claim 1 6, wherein said filler particles (36a-h) of said interlayer (30) are selected 
from the group consisting of particles of boron nitride, aluminum oxide, aluminum nitrkie. magnesium oxide, zinc 

55 oxkje. silicon cart)ide. beryllium oxkie, and mixtures thereof. 

19. An electrical assembly according to claim 16. wherein sakj filler particles (36a-h) of said interlayer (30) comprise 
graphitic boron niti^ide. 
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20. An electrical assembly according to claim 16. wherein said polymeric binder of said interlayer (30) is selected from 
the group consisting of polyurethanes, polyimides. nylons, polyamides, polyesters, pdydefins, epoxies. poly- 
etheretherketones. silicon elastomers, fluorosilicon elastomers, thermoplastic elastomers, acrylic resins, and 
copolymers and blends thereof. 

5 

21. An electrical assembly according to claim 16, wherein said polymeric binder of said interlayer (30) comprises a 
rooiTf tomp^Taiure vUlCarii^iriy (RTv) biiicon elastomer. 

22. An electrical assembly according to claim 16. wherein said interlayer (30) comprises about 50 to 55% by weight of 
10 said filler particles (36a-h). 

23. An electrical asserrtDly according to claim 16, wherein the width (26,26') of said gap (24,24") between said elec- 
tronic conrponent (12) and the surface (22,22*) of said thermal dissipation member (14,14*) is at least about 3 mils 
(75 microns). 

75 

24. An electrical assembly according to claim 1 6, wherein the average diameter of the portion (36a-b) of said particles 
(36a-h) of said interlayer (30) having a maximum average diameter substantially equal to the predetermined width 
(2(5.26') of said gap (24,24*) is at least about 5 mils (125 microns). 
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